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The immediate and long-term efficacy of coronary angioplasty in 
the elderly was determined by studying 752 patients ~65 years old 
and comparing patients ~75 years old with those 65 to 74 years 
old. The oldest patients were more highly symptomatic, were 
more likely to be in heart failure, had more multivessel disease 
and were more likely to undergo multivessel dilation. The imme-
diate success rate of angioplasty was higher in the oldest patients 
(92.8% versus 82%) (p = 0.0003). The hospital mortality rate was 
also higher (6.2% versus 1.6%) (p < 0.001). 
The popUlation of elderly patients in the United States with 
symptomatic coronary artery disease continues to increase. 
Although coronary artery bypass grafting has been shown to 
prolong life in these patients and to relieve symptoms to a 
degree similar to that in younger patients, operative mortal-
ity and morbidity are higher, hospitalization is more pro-
longed and overall survival is poorer than in younger pa-
tients (1-6). For this reason, percutaneous transluminal 
coronary angioplasty is a potentially attractive, less invasive 
alternative to bypass surgery in elderly patients. Although 
there are many data regarding the feasibility and initial 
primary success of coronary angioplasty in patients >65 
years of age (6-14), there are few data to guide the clinician 
regarding angioplasty in the very elderly subgroup of pa-
tients ~75 years old, particularly regarding the long-term 
results of angioplasty in this age group. This is an increas-
ingly important issue as society evaluates the benefits and 
cost of invasive therapy for coronary artery disease in the 
elderly. 
This article reports the early and late outcome of coro-
nary angioplasty performed at the Mayo Clinic between 
October 1979 and 1989 in 752 patients ~65 years old, with 
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Long-term overall survival was high. However, long-term 
event-free survival was lowest in the oldest patients, and recurrent 
severe angina was particularly common. Thus, in very elderly 
patients, coronary angioplasty is usually successful, but extra 
caution is warranted; also, long-term relief from angina is less 
common than in younger patients. 
(J Am Coil CardioI1991;17:124S-S0) 
specific attention to comparison of patients ~75 years old 
with those aged 65 to 74 years. 
Methods 
Study patients. Patients were selected from the 2,599 
consecutive patients who underwent coronary angioplasty at 
the Mayo Clinic from October 1979 to January 1989. Patients 
who had angioplasty for treatment of an acute evolving 
myocardial infarction were excluded. The study group in-
cluded all other patients ~65 years old who had undergone 
angioplasty. At the time of the procedure, patients were 
invited to participate in a registry and baseline data were 
collected prospectively from the patients' records and from 
referring physicians. Follow-up information was obtained at 
subsequent visits to this institution or through telephone 
interviews with the patient or home physician by a trained 
research assistant. Outside hospital records were obtained. 
Follow-up data were collected during the 1st 6 months and 
then on the yearly anniversary of the procedure. Follow-up 
data were obtained on all patients. Each patient gave in-
formed consent, and the procedure was approved by the 
Mayo Institutional Review Board. 
Definitions. Successful coronary dilation was defined as 
an improvement of ~40% in the visual estimate of luminal 
diameter in surviving patients free of urgent bypass surgery 
and Q wave myocardial infarction (6,15). Angina was termed 
unstable if any of the following criteria were present: 
l) onset of angina within the previous month, 2) worsening of 
Canadian Cardiovascular Society class III or IV angina, or 
3) onset of rest angina within the previous month. One vessel 
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disease was defined as ::::70% stenosis in a single major 
epicardial vessel by visual estimation. Multivessel disease 
was defined as ::::70% stenosis in a single major epicardial 
vessel and ::::50% stenosis in at least one other major 
epicardial vessel or its major branches (5). 
Technical details. Coronary angioplasty was performed 
as previously described (16-18). Adaptations were made 
during the 9.25 year period of patient entry to accommodate 
technical advances such as the development of steerable and 
low-profile balloon systems. Heparin anticoagulation (5,000 
to 15,000 U), sublingual nitrates, calcium channel blocking 
agents and antiplatelet agents, including aspirin, were used 
in all patients unless clinically contraindicated. 
Statistical analysis. For comparison, the patients were 
separated into three subgroups on the basis of age. Group A 
was composed of patients aged 65 to 69 years old, Group B 
those patients 70 to 74 years old, and Group C those aged 
::::75 years. Follow-up events included death, coronary by-
pass surgery, myocardial infarction, repeat angioplasty and 
severe (functional class III or IV) angina. Event-free sur-
vival was calculated by the Kaplan-Meier method and was 
computed from the time of angioplasty. 
Baseline characteristics and event outcomes of Group C 
were compared with the characteristics and outcome of 
Groups A and B combined. Two-sample Student's t test and 
chi-square tests were used to assess statistical significance. 
Univariate and multivariate stepwise logistic analyses were 
performed to determine which variables were independent 
predictors of adverse in-hospital events. For long-term 
events, follow-up was started at hospital discharge, and 
univariate and multivariate proportional hazards (Cox 
model) regression analyses were used. In particular, we 
tested whether age (as a continuous variable) was an inde-
pendent predictor of adverse outcome, both unadjusted and 
adjusted for the effects of the number of diseased coronary 
vessels, prior myocardial infarction, multiple prior myocar-
dial infarctions, Canadian Cardiovascular Society angina 
classification, congestive heart failure, prior active life-style 
and prior coronary bypass surgery. 
Results 
Baseline variables (Tables 1 and 2). There were 752 
patients ::::65 years old. Their mean age was 71.6 years (range 
65 to 91). Three hundred twenty-six (43%) were 65 to 69 
years old (Group A), 233 (31%) were 70 to 74 years old 
(Group B) and 193 (26%) were ::::75 years old (Group C). The 
mean duration of follow-up was 25.5 months for Group A, 
23.8 months for Group Band 16.4 months for Group C. The 
baseline data regarding gender, mean age, classification of 
angina and prior cardiac events and other medical problems 
of the three subgroups are presented in Table I. Group C 
contained more women and more patients with disabling or 
rest angina and more with congestive heart failure. 
Groups A and B were similar with respect to baseline 
ejection fraction and degree and extent of coronary disease 
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Table 1. Baseline Data for 752 Patients ~65 Years Old 
Undergoing Coronary Angioplasty 
Group A Group B Group C p 
(65-69 yr) (70-74 yr) (2:75 yr) Value* 
Total no. of pts. 326 233 193 
% Male 66.8 58.8 55.7 0.055 
Mean age (yr) 67 72 79 
Angina class (%) 
CCS 1-11 16.6 13.3 5.7 
CCS III-IV 58.3 63.1 64.9 0.001 
vt 17.2 13.3 21.1 
Cardiac and medical 
history (%) 
Unstable angina 70.2 75.5 80.4 0.025 
Prior CHF 8.9 9.4 24.4 <0.0001 
Current CHF 5.8 5.6 18.6 <0.0001 
Single prior MI 36.8 38.6 38.1 0.16 
Multiple prior MI 8.0 9.4 13.9 0.039 
Prior CABG 13.5 19.3 11.9 NS 
Prior HTN 52.8 55.4 57.9 NS 
Prior active life-style 84.4 81.1 66 <0.0001 
*Statistical significance of differences between Group C and Groups A and 
B combined. tOefined as spontaneous ischemic pain at rest. The statistical 
significance of angina class was tested with use of the group mean angina class 
score. CABG = coronary artery bypass grafting: CCS = Canadian Cardio-
vascular Society; CHF = congestive heart failure; HTN = hypertension: 
MI = myocardial infarction. 
(Table 2). Patients in Group C had more extensive coronary 
artery disease in that multivessel and left main coronary 
artery disease were more frequent. 
During the study period, elderly patients accounted for an 
increasingly large proportion of those referred for coronary 
angioplasty (Fig. I). Those ::::65 years old accounted for only 
10.1 % of patients undergoing angioplasty in 1980 but consti-
tuted the majority in more recent years. The use of angio-
plasty in patients ::::75 years old has expanded rapidly in 
recent years, and such patients now constitute approxi-
mately 18% of the total number undergoing angioplasty. 
Success rate (Table 3). During the 9.25 years of this 
study, the initial success rate for the entire group of 752 
patients was 84.7%. Angioplasty was attempted in a mean of 
Table 2. Cardiac Angiographic Data for 752 Patients ~65 Years 
Old Undergoing Angioplasty 
Factor 
Ejection fraction (%) 
No. of diseased 
vessels (%)t 
2 
LMCA disease (%) 
Group A 
(65-69 yr) 
62 
56.4 
36.5 
7.1 
1.2 
Group B 
(70-74 yr) 
61 
54.5 
35.6 
9.9 
3.0 
Group C 
(2:75 yr) 
59 
36.6 
39.2 
24.2 
6.7 
p Value* 
0.04 
<0.0001 
0.003 
*Values indicate statistical significance of differences between Group C 
and Groups A and B combined. tStatistical significance of the number of 
vessels diseased was tested using the mean number of diseased vessels. 
LMCA = left main coronary artery disease. 
lACC Vol. 17, No.6 
May 1991:1245-50 
100 
89.9 
80 
80 
% 
40 
20 
0 
1980 
50 
40 
30 
% 
20 
10 
0 
1980 
1984 
065-69 yr 
mi70-74 yr 
8::::75yr 
1984 
1111<65 yr 
8:::65yr 
1988 
1988 
Figure 1. Percent, by age, of patients undergoing angioplasty at the 
Mayo Clinic for the years 1980, 1984 and 1988. Top, Patients <65 or 
~65 years old. Bottom, Patients in elderly subgroups. Those >65 
years now constitute the majority of patients undergoing angio-
plasty. In recent years, the eldest subgroups have accounted for a 
growing percentage of patients having angioplasty. 
1.4 segments per patient. The success rate per segment was 
similar in the three groups and ranged from 81.4% to 86.6%. 
More multivessel dilations were attempted in patients in 
Group C (27.4%) than in Group A (16.6%) or Group B 
(15.5%) (p = 0.0005). For Group C, the per patient success 
Table 3. Success Rates in 752 Patients ~65 Years Old 
Undergoing Angioplasty 
Group A Group B Group C 
(65-69 yr) (70-74 yr) (2:75 yr) 
No. of pts. 326 233 193 
Attempted angioplasty 
No. of segments 458 321 290 
No. of vessels (%)t 
1 83.4 84.6 72.7 
2 16,3 14.2 25.8 
0,3 1.3 1.6 
Success per segment (%)t 81.4 83.5 86.6 
Success per patient (%)§ 81.9 82.0 92.8 
No. of grafts attempted 21 21 14 
p Value* 
NS 
0.0005 
0.095 
0.0003 
NS 
*Values indicate statistical significance of differences between Group C 
and Groups A and B combined. tStatistical significance of the number of 
vessels with attempted angioplasty was tested with use of the mean number of 
vessels in which the procedure was attempted in each group. :j:Success per 
segments = the success rate of dilation of the coronary segments with 
attempted angioplasty. §Success per patients = the percent of patients with at 
least one segment successfully dilated who did not have a major cardiac 
complication. 
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Table 4. Acute Complications in 752 Patients ~65 Years Old 
Undergoing Angioplasty 
Group A Group B Group C 
(65-69 yr) (70-74 yr) (2:75 yr) 
(%) (%) (%) p Value* 
Myocardial infarctiont 2.7 4,3 6.7 0.049 
Ventricular arrhythmia::: 3.4 5 5 NS 
Acute coronary occlusion 4.6 2.6 2.5 NS 
CABG within 24 h§ 10.7 9 0.002 
Deathll 1.2 2.2 6.2 <0.001 
*Statistical significance of differences between Group C and Groups A and 
B combined. tProbable or definite myocardial infarction before hospital 
discharge. :j:Ventricular tachycardia or fibrillation. §Coronary artery bypass 
grafting (CABG) within 24 h of angioplasty. IIDeath during index hospitaliza-
tion. 
rate was higher (92.8%) (p = 0.0003). The location of the 
dilated segment and the coronary vessels dilated were sim-
ilar among the groups. 
Acute complications (Tables 4 and 5). The rates of ven-
tricular arrhythmias and coronary occlusion in the cardiac 
catheterization laboratory were similar in the three age 
groups (Table 4). Myocardial infarction during the index 
hospitalization occurred more frequently in the oldest sub-
group. Coronary bypass surgery within 24 h of angioplasty 
was performed less frequently in the oldest patients. This 
finding is not surprising because many of these very elderly 
patients were not considered to be surgical candidates before 
angioplasty because of age, poor general status and other 
medical problems. The mortality rate during the index hos-
pitalization was significantly higher for the group '2:.75 years 
old. Of the 193 patients in this group, 12 (6.2%) died before 
discharge, compared with 2.2% in the 70 to 74 year age group 
and 1.2% in the 65 to 69 year age group (p < 0.001). 
The medical records of the 12 patients in Group C who 
died were reviewed in detail (Table 5). Ten deaths were of 
cardiac origin. One death was from abdominal sepsis in a 
patient with gastric carcinoma of the lower esophagus, and 
one was from an acute abdomen several days after success-
ful angioplasty that was performed after a recent myocardial 
infarction. The abdominal symptoms in the second patient 
were believed to have been due to either small bowel 
obstruction or a mesenteric embolus. Eleven of the 12 
patients were considered to be inoperable because of age or 
other medical problems and angioplasty was attempted as a 
salvage procedure. Four of the patients died in the cardiac 
catheterization laboratory. Five patients had had a myocar-
dial infarction within the previous 7 days (but not the 
previous 24 h). None of the patients who died had undergone 
coronary bypass surgery. 
Long-term follow-up. The mean duration of follow-up in 
all hospital survivors was 23.7 months (median 13.3, range 1 
to 97.9). Angiographic follow-up data were available in 313 
patients. During the early experience with angioplasty, 
angiographic follow-up was recommended regardless of 
symptoms. Later, these data were usually obtained in symp-
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Table 5. Clinical Data for 12 Patients ?:.75 Years Old Who Died During Hospitalization for Angioplasty 
Interval 
Between 
Age Angioplasty Angioplasty Associated Conditions Operable 
Case (yr) Artery Dilated Successful and Death Before Angioplasty Condition Cause of Death 
76 LMCA No 24 h Shock, renal failure, aortic No Sudden 
aneurysm, aortic 
dissection 
2 81 RCA, prox LAD No During Recent MI, recent cancer, No Cardiogenic shock 
GI bleeding 
88 Prox LAD, prox LCX No During Renal failure No Cardiogenic shock 
4 86 Mid LAD No During Recent MI, renal failure No Cardiogenic shock 
5 84 Distal LCX, 2nd OM Yes 24 h Recent MI No Cardiac rupture 
6 78 Mid RCA, distal RCA No 24 h Feeble general condition No MI, ventricular 
arrhythmia 
7 88 Prox RCA, prox LCX Yes 8 days Recent CV A, recent MI No Abdominal sepsis 
8 93 Prox LAD No During Recent MI Yes (pt refused Cardiogenic shock 
surgery) 
9 86 Prox LAD Yes 5 days Ischemic cardiomyopathy, No Multiorgan system 
chronic renal failure, failure 
pulmonary fibrosis 
10 78 Mid LAD Yes 8 days Esophageal cancer, No Visceral perforation 
visceral perforation 
11 87 Prox LCX No 5 days Severe renal failure No Cardiogenic shock 
12 77 Vein graft No 4 days Prior CABG, No Pulmonary edema 
pulmonary edema 
CVA = cerebrovascular accident; GI = gastrointestinal; LAD = left anterior descending coronary artery; LCX = left circumflex coronary artery; LMCA = 
left main coronary artery; MI = myocardial infarction; OM = obtuse marginal branch of circumflex coronary artery; Prox = proximal; RCA = right coronary 
artery; other abbreviations as in Table 1. 
tomatic patients, but many elderly patients were not referred 
for angiography despite recurrent symptoms. Thus, the rates 
of restenosis cannot be determined with a degree of preci-
sion that warrants comparison with other published series. 
Angiographic restenosis was documented in 27%, 17.8% and 
17.2% of successful angioplasty procedures in Groups A, B 
and C, respectively; the mean time to restenosis was 6.3, 
10.3 and 8.2 months, respectively. 
Kaplan-Meier event-free survival curves for each group 
were calculated with use of death, myocardial infarction, 
bypass surgery, severe angina and repeat angioplasty as end 
points (Fig. 2 through 4). 
The total 5 year survival rate was encouraging in all three 
subgroups. Although the oldest patients, as expected, had a 
slightly lower rate of survival, >75% were alive after 5 years 
(Fig. 2). Survival free of myocardial infarction and bypass 
surgery at 1 year was also similar in all three groups, ranging 
from 83% to 87% (Fig. 3). 
Survival free of severe angina, bypass surgery and myo-
cardial infarction, however, was considerably lower for 
Group C than for Groups A and B at 1, 3 and 5 years: 57.7%, 
36.3% and 24.2% for Group C; 73.6%, 60.3% and 51% for 
Group A and 71.8%,55.1% and 47.6% for Group B, respec-
tively (Fig. 4). Thus, recurrent angina was observed more 
frequently in the oldest group of patients, particularly during 
the 1st year. This increased incidence could be due to 
restenosis or to a greater frequency of incomplete revascu-
larization as a result of more severe disease initially. 
Statistical analysis. Before adjustment, univariate logistic 
regression showed that age was significantly associated with 
the risk of in-hospital death (p < 0.001) and immediate 
myocardial infarction (p = 0.027) and negatively associated 
with bypass surgery within 24 h (p = 0.003). After adjust-
ment for the variables selected by stepwise logistic regres-
sion, age remained significantly independently predictive of 
in-hospital death (p = 0.009) and bypass surgery (p = 0.007) 
but not of immediate myocardial infarction (p = 0.10), 
arrhythmia or acute coronary occlusion. 
Before adjustment for other variables, proportional haz-
Figure 2. Survival, by age at the time of angioplasty, of patients ?:.65 
years old who underwent the procedure. 
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Figure 3. Survival free of coronary artery bypass surgery or myo-
cardial infarction, by age at the time of angioplasty, of patients ;::65 
years old who underwent the procedure. 
ards analysis showed age to be associated with a postdis-
charge risk of death (p = 0.005) and severe angina (p < 
0.0001) and marginally associated with postdischarge myo-
cardial infarction (p = 0.086). After adjustment for other risk 
factors, age was marginally associated with the risk of death 
(p = 0.09) and myocardial infarction (p = 0.12) and nega-
tively associated with postdischarge bypass surgery (p = 
0.06), and it was still associated with risk of severe angina 
(p = 0.035). 
Discussion 
Persons >65 years old are a rapidly expanding segment of 
the patient population being treated for coronary artery 
disease in the United States. The increase in the age of 
patients undergoing coronary angioplasty has been striking, 
and at our institution most patients referred for coronary 
angioplasty now are >65 years old (Fig. O. This is also the 
case for coronary bypass surgery (19). The results of therapy 
for symptomatic coronary artery disease are less favorable 
in older patients than in their younger counterparts, but the 
pros and cons of revascularization versus medical therapy 
Figure 4. Survival free of bypass surgery, myocardial infarction or 
severe angina, by age at the time of angioplasty, of patients ;::65 
years old who underwent the procedure. 
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are particularly cogent in elderly patients (those 2:.75 years 
old). 
The feasibility and need for coronary revascularization in 
symptomatic older patients are not in dispute, but there is a 
real need for more information regarding the efficacy of these 
aggressive therapies. Such analysis should take into account 
the heterogeneity of the "elderly," with particular attention 
to the "young" and the "old" subgroups. 
Angioplasty success rate in elderly patients. Although the 
results in the initial cohort of the National Heart, Lung, and 
Blood Institute Registry (7) showed that angioplasty was less 
frequently successful in patients >65 years old, several 
studies (8-11) since then show that the technical success rate 
of angioplasty in elderly patients is comparable with that in 
younger patients. Our data suggest that the high technical 
success rate also can be achieved in very elderly patients. 
The success rate for the entire group of 752 patients was 
84.7%; for the patients >75 years old, it was even higher: 
92.8% (p = 0.0003). The difference in the initial success rate 
may be a reflection of stringent selection criteria or referral 
bias in that patients of advanced age were selectively re-
ferred to more experienced operators. In any event, despite 
the increased frequency of tortuous coronary vessels and 
calcified lesions, the coronary anatomy in the elderly seems 
often to be amenable to angioplasty. 
Angioplasty complications. The increased rate of acute 
myocardial infarction in our oldest patients is more likely 
explained, at least partially, by other risk factors such as 
more extensive coronary artery disease and greater fre-
quency of unstable angina and congestive heart failure than 
by age as such. Indeed, in the multivariate logistic regression 
analysis, age was only a marginally significant independent 
predictor of procedural acute myocardial infarction after 
correction for other variables. However, it was an indepen-
dent predictor for procedure-related mortality. Many of the 
very elderly patients were not considered candidates for 
cardiac surgery and, therefore, angioplasty was attempted 
with the understanding that procedural complications would 
be treated medically. Our very elderly patients had signifi-
cantly fewer emergency bypass operations, and the higher 
early mortality was partially related to medical rather than to 
surgical treatment of acute coronary complications of angio-
plasty. 
Kern et al. (12) recently reported a series of 21 octoge-
narians who similarly experienced a high incidence of ische-
mic cardiac complications after angioplasty. Most of the 
patients in this series were at high risk and had a frequent 
incidence of unstable angina and recent myocardial infarc-
tion. Our review of the deaths in our oldest subgroup 
demonstrated that most of the patients would be considered 
at extraordinarily high risk on the basis of severe cardiac and 
multisystem disease. Thus, although success rates are high, 
the consequences of a procedure-related complication in 
these elderly, sick patients are far more likely to be fatal. 
Comparison with surgery. Coronary bypass surgery also 
carries an increased risk of death and morbidity in elderly 
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patients. In addition, with advanced age the mortality rate 
increases. For example, in the Coronary Artery Surgery 
Study (3), the hospital mortality rate is almost doubled for 
patients ;;::.75 years old compared with those 65 to 69 years 
old. More recent reports (20-24) of cardiac surgical experi-
ence in elderly patients show an improved rate of survival 
compared with the earlier experiences, but a higher risk in 
the very old has been confirmed. 
Older patients also have an increased perioperative mor-
bidity (2,3) and the mean duration of hospitalization is longer 
in elderly patients than in younger patients undergoing 
bypass surgery (2,3). Angioplasty, when successful, is asso-
ciated with less morbidity than is bypass surgery and is 
therefore potentially more attractive. 
Long-term survival and symptomatic outcome. Our study 
also found that very elderly patients who undergo angio-
plasty have a high rate of overall long-term survival and a 
high rate of survival free of myocardial infarction and bypass 
surgery. For example, 86% of our very elderly hospital 
survivors were still alive 4 years after angioplasty, and 74% 
were alive and free from myocardial infarction and bypass 
surgery at the end of the 4 years. These rates were only 
slightly lower than those of the less elderly groups (Fig. 2 
and 3). However, severe angina was an especially frequent 
late event in our very elderly patients. By 5 years, <30% of 
this group was alive and free of class III or IV angina or had 
not been hospitalized for unstable angina pectoris. The poor 
symptomatic outcome likely is partly related to the more 
extensive coronary artery disease in our oldest group. Most 
of the recurrences of angina occurred within the 1 st year 
after angioplasty in our oldest patients, a finding suggesting 
that this may be due to incomplete revascularization. The 
risk of coronary restenosis in the elderly may be increased, 
but the low incidence of follow-up angiography makes it 
impossible to be certain of the relative importance of these 
two possibilities. 
Implications. A frequent clinical question is the proper 
treatment for an otherwise active elderly patient with trou-
blesome symptomatic coronary artery disease. Cardiac sur-
gery carries an increased risk in these patients, but they are 
also more frequently intolerant of cardiac medications. 
Nonetheless, increasing numbers of elderly patients want 
the capacity to enjoy an active life-style and will not accept 
severely limiting angina pectoris. Among these patients, 
angioplasty, when feasible, is an attractive option, and our 
data document that this approach is appropriate. 
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